Introduction
Since its discovery, the protein Bcl-2-associated athanogene-1 (BAG-1) has been found to interact with a wide variety of molecular targets and, consequently, has been shown to regulate a number of key processes such as proliferation, cell signalling, transcription, differentiation and apoptosis (reviewed in ref. 1) .
BAG-1 belongs to a family of six proteins, which all contain an evolutionary conserved BAG domain (reviewed in ref. 1) . In humans, there are three major isoforms of BAG-1, generated through alternate translation initiation of a single messenger RNA (2) (3) (4) . The different BAG-1 isoforms have distinct subcellular localizations within the cell. The most abundant isoform, BAG-1S ($36 kDa), is preferentially localized in the cytoplasm, whereas BAG-1L (the largest isoform, $50 kDa) contains a nuclear localization signal and is generally restricted to the nucleus. A 46 kDa isoform, BAG-1M, partitions itself between the nucleus and the cytoplasm (2) (3) (4) . Functional studies of BAG-1 have mainly focused on its anti-apoptotic role. For example, over-expression in tumour cell lines has revealed that BAG-1 confers resistance to multiple stresses including cytotoxic drugs, hypoxia, heat shock, growth factor withdrawal and UV/c-radiation (5) (6) (7) (8) (9) (10) . Surprisingly, given the importance of BAG-1 in a number of tumour types, its actual role in tumorigenesis is yet to be clarified.
Nuclear factor-jB (NF-jB) is a widely known transcription factor, inducing expression of a number of genes involved in cell survival. The term NF-jB describes a number of ubiquitous transcription factor complexes formed by the NF-jB/Rel gene family, which include RelA (p65), RelB, c-Rel, NF-jB1 (p105) and NF-jB2 (p100). The members of the family are distinguished by a Rel homology domain, which is the region responsible for DNA binding and dimerization (reviewed in ref. 11) . In resting cells, NF-jB is normally sequestered in the cytoplasm by its inhibitor IjB and is only activated upon stimulation with agents such as tumour necrosis factor (TNFa), interleukin-1 or bacterial lipopolysaccharide. Upon stimulation, IjB is phosphorylated, ubiquitinated and consequently degraded by the proteasome. The loss of IjB releases NF-jB, allowing transactivation of target genes (reviewed in ref. 11) .
Although NF-jB is primarily known for its role in inflammatory and immune responses, current evidence clearly indicates that activation of the NF-jB-signalling pathway is also important for tumorigenesis. For example, chromosomal amplification of genes coding for NF-jB/Rel factors and mutations that inactivate IjB or constitutively activate upstream signalling kinases have been observed in many haematopoietic and solid tumours (reviewed in ref. 12 ). Indeed, NF-jB has been shown to be up-regulated in human colon cancer cell lines and tumour tissue (13) (14) (15) . Interestingly, the inflammatory diseases ulcerative colitis and Crohn's disease, which increase the risk of colorectal cancer, have also been associated with persistent NF-jB activation in epithelial cells and tissue macrophages of the colonic mucosa (16) (17) (18) .
The main role of NF-jB signalling in tumorigenesis appears to prevent cell death. To determine the mechanism for this observation, research has shown that TNF-a-induced NF-jB activity is associated with transcription of anti-apoptotic genes such as Bcl-xL, A1, c-FLIP, c-IAP1, c-IAP2, x-IAP, TRAF1 and TRAF2 (reviewed in ref. 11) . Highly relevant to tumour development, NF-jB activation is also known to induce expression of cyclin D1 and cyclooxygenase 2, both which increase cell growth (19) (20) (21) .
The expression of BAG-1 has been studied in a wide range of cancers and accordingly, BAG-1 has been reported to be overexpressed in a number of different tumour types in vivo including breast (22, 23) , cervical (24) , oral squamous cell (25) , laryngeal (26) and endometrium (27) , as well as tumour cell lines in vitro including leukaemia, breast, prostate, lung and cervical (3, 4) . Interestingly, high BAG-1 expression has been reported in colon cancer cell lines in vitro (3) and additionally, nuclear BAG-1 expression in colorectal cancer in vivo has been associated with distant metastasis and a shorter overall survival (28) . However, the level of expression of BAG-1 during colorectal tumorigenesis relative to the normal colonic epithelium has not been determined; therefore, it remains to be established whether the expression of BAG-1 protein is deregulated during colorectal tumour progression. Since BAG-1 is involved in the regulation of cell survival and proliferation, its altered expression in human cancers may have huge clinical significance and countering BAG-1 function may be a particularly effective anticancer strategy. However, unlike NF-jB, the BAG-1 anti-apoptotic signalling mechanism is poorly understood and the role of BAG-1 in tumorigenesis is still to be elucidated.
Here, it is reported for the first time that, although unchanged in small adenomas, BAG-1 expression is up-regulated in medium/large-sized adenomas and carcinomas compared with the normal colonic epithelium. Importantly, the level of expression of BAG-1 in the large adenomas was equivalent to that in the carcinomas, suggesting that expression of the pro-survival protein BAG-1 may be important in colorectal tumorigenesis. Indeed, microarray analysis of the HCT116 colorectal cancer cell line transfected with BAG-1 small interfering RNA (siRNA) revealed that suppression of BAG-1 leads to differential expression of a number of genes involved in cell survival and, interestingly, identified altered expression of a small subset of potential NF-jB-regulated genes. Data presented here further suggest that suppression of BAG-1 expression in HCT116 cells leads to a decrease in cell survival mediated via inhibition of NF-jB. Knock down of BAG-1 using siRNA also sensitized colorectal carcinoma cells to apoptosis induced by TRAIL and TNF-a, both known inducers of NF-jB. In summary, in this report it is shown for the first time that BAG-1 expression is up-regulated during colorectal tumour progression, and through regulating the key transcription factor NF-jB, BAG-1 promotes the survival of colorectal tumour cells.
Materials and methods

Immunohistochemistry
Samples of formalin-fixed, paraffin-embedded colonic normal, adenoma and carcinoma tissue were obtained from the archives of the Department of Histopathology, Bristol Royal Infirmary, UK, with local Ethics Committee approval. Four micrometer thick sections were deparaffinized, microwaved in citrate buffer (pH 6) for 20 min (antigen retrieval) and incubated with BAG-1 TB3 rabbit polyclonal antibody (29) at a dilution of 1:1000 for 2 h at room temperature. The reaction products were visualized using the Vectastain ABC Elite Kit (Vector Laboratories, Burlingame, CA), treated with 3,3#-Diaminobenzidine (DAKO, Ely, UK) as substrate and fixed with enhancer solution. Negative (NEG) controls without the primary antibody were also prepared. Sections were graded as strongly positive (þþþ), positive (þþ), weakly positive (þ) or background staining (À/þ) [similar to a previously used scoring system (30) ]. The slides were scored by three independent observers. To verify the specificity of the antibody used, SW480 colorectal carcinoma cells (which had been shown to express BAG-1 protein by western blotting) were transfected with either NEG or BAG-1 siRNA sequence #2 (refer below) and suppression of BAG-1 protein expression verified by western blotting. These cells (NEG or BAG-1 siRNA) were embedded in 1% agar and processed by the standard method for tissue into wax, incubated with BAG-1 TB3 antibody at a dilution of 1:1000 and stained using the same method as described above.
Cell line and cell culture conditions
The human colon carcinoma cell lines HCT116 and SW480 were obtained from the American Type Culture Collection (Rockville, MD). HCT116 cells were maintained on McCoy's 5A medium (Invitrogen, Paisley, UK) supplemented with 100 U/ml penicillin, 100 lg/ml streptomycin, 2 mM glutamine and 10% fetal bovine serum (FBS). SW480 cells were maintained on Dulbecco's modified Eagle's medium (Life Technologies, Autogen Bioclear, Calne, UK) supplemented with 100 U/ml penicillin, 100 lg/ml streptomycin, 2 mM glutamine and 10% FBS.
siRNA transfection BAG-1-duplexed siRNA oligonucleotides were obtained from Ambion (TX). The following sequences were used: sequence #1 GGUUGUUGAAGAGGUCAUAtt and sequence #2 GGGAAAAUCUCUGAAGGAAtt. The NEG control siRNA (Ambion Applied Biosystems, Foster City, CA, USA) had no homology to any sequence in the human or mouse genome. Cells were seeded and grown under standard conditions in either T12.5 (Falcon, BD, BD Bioscience Europe, Oxford, UK) or T25 flasks (Corning, Corning Incorporated, Corning, NY, USA) until $40% confluent. The cells were incubated in Opti-MEM (Invitrogen), exposed to duplexed siRNA oligonucleotides at a final concentration of 50 nM in the presence of Lipofectamine 2000 (Invitrogen) for 6 h as per the manufacturer's instructions and then returned to normal growth medium. To determine the optimum conditions for BAG-1 down-regulation using siRNA, cells were initially transfected with 0-100 nM of BAG-1 siRNA sequence #1 and BAG-1 siRNA sequence #2 for 0, 24, 48, 72 and 96 h as recommended by Ambion. Controls used in these experiments included the nil (no transfection reagent and no siRNA), mock (no siRNA), NEG siRNA and positive siRNA (Ambion GAPDH siRNA sequence; positive control for the protocol). The down-regulation of BAG-1 was determined by western blot or quantitative polymerase chain reaction (Q-PCR), respectively. It was found that a significant reduction in BAG-1 expression could be achieved for up to 7 days after transfection. Subsequently, cells were transfected with 50 nM BAG-1 siRNA (either sequence) for 24, 48, 72 or 96 h depending on the assay.
Assessment of cell survival
At the time point indicated, the attached epithelial monolayer of cells was trypsinized and the number of cells counted using a Neubauer counting chamber (Weber VWR International, Poole, Dorset, UK). The induction of apoptosis was measured by determining the proportion of total cells that had detached from the epithelial monolayer and that were shed into the medium. Biochemical confirmation of apoptosis was obtained by the presence of cleaved Poly ADP ribose polymerase (PARP) in the shed cell population by western blotting and characteristic apoptotic morphology as demonstrated by acridine orange staining (described in detail previously in ref. 31 ).
Treatments
Cells were seeded in triplicate flasks and transfected with BAG-1 or NEG siRNA as described above. 72 hours after transfection, cells were treated with either 0.10 lg/ml TRAIL or 0.10 lg/ml TNF-a (Autogen Bioclear, Calne, Wiltshire, UK) in 10% FBS McCoy's 5A medium for 16 h. The control flasks received 10% FBS McCoy's 5A medium alone. For the BAY-117082 experiment, 24 h after siRNA transfection, cells were treated with 2 lM of BAY-117082 (32) or dimethyl sulfoxide vehicle control in 10% FBS McCoy's 5A medium for 96 h. In addition, cells were pre-treated with 2 lM BAY-117082 for 24 h and then treated with either 0.10 lg/ml TRAIL or 0.10 lg/ml TNF-a for 16 h as above.
Sodium dodecyl sulphate-polyacrylamide gel electrophoresis western blotting Western blotting was carried out using standard techniques as described previously (33) . Antibodies against BAG-1 (G3E2) (29) and PARP (Alexis, Nottingham, UK) were used to detect protein expression. A mouse monoclonal a-tubulin antibody (Sigma, Dorset, UK) was used to assess gel loading.
Microarray analysis
Cells were transfected with siRNA as described above. After 48 h, total RNA was extracted using Tri Reagent (Sigma), chloroform and isopropanol precipitation. All RNA was DNaseI treated (Ambion) prior to use. Microarray analysis was performed using Amersham CodeLink Bioarrays (Amersham, Buckinghamshire, UK) with 20 000 probes. The bioarrays were scanned by Axon GenePix 4000B scanner (Molecular Devices, Sunnyvale, CA) according to the manufacturer's instructions. Duplicate arrays were carried out for each siRNA condition. Background correction, normalization and gene expression analysis of the array data were performed using GeneSpring version 7.2 (Agilent, Agilent Technologies, Santa Clara, CA).
Quantitative reverse transcription-PCR RNA was harvested as for the microarray analysis and, following DNaseI treatment, cDNA samples for Q-PCR applications were reverse transcribed using M-MLV reverse transcriptase (Promega, Madison, WI). Transcript abundance was assessed by Q-PCR in a Stratagene MX3000P cycler using JumpStart SYBR Green PCR Master Mix (Sigma). Transcript levels were normalized to Glyceraldehyde-3-phosphate dehydrogenase (GAPDH). Primers for BAG-1, RIN1, GADD45b, C-FLIP and GAPDH were obtained from QuantiTect Primer Assays (Qiagen, Crawley, West Sussex, UK).
NF-jB reporter assays
Cells were treated with 2 lM BAY-117082 for 24 h or transfected with siRNA as described above. 48 hours after transfection, flasks were co-transfected with either pTA-luc or pNF-jB-TA-luc reporter constructs (2.5 lg per flask; Clontech, BD Bioscience Europe, Oxford, UK) in combination with the renilla construct pRL-SV40 (0.25 lg per flask; Promega) in Opti-MEM in the presence of Lipofectamine 2000 as described previously. Twenty-four hours later, the cells were treated with 0.10 lg/ml TNF-a as described above and lysed in passive lysis buffer (Promega) after 16 h according to the manufacturer's instructions. Reporter activity was measured using the Dual-Luciferase Reporter Assay system (Promega) and a Jade Luminometer (Labtech, Labtech International Ltd, Ringmer, East Sussex, UK). Sample readings were corrected for background autoluminescence using untransfected cells as a control.
Statistical analysis A Student's t-test was performed to analyse all data except for the reporter experiment in Figure 4 , where a Tukey's test was used to calculate the significance of BAG-1 expression or BAY-117082 on cell survival.
Results
Expression of the BAG-1 protein is up-regulated in colorectal medium and large-sized adenomas as well as in carcinomas To determine whether BAG-1 expression is deregulated during colorectal tumour progression, the expression of BAG-1 protein in small (,5 mm), medium (5-10 mm) and large (.10 mm) colorectal adenomas and carcinomas was compared with expression in the normal colonic epithelium (Figure 1a) . The specificity of the BAG-1 TB3 antibody, which detects all three BAG-1 isoforms (29, 34) , was further confirmed using SW480 colorectal carcinoma cells (known to express BAG-1) transfected with BAG-1 siRNA that had undergone the same processing as the tissue samples (Figure 1c) . It should be emphasized that knock down of BAG-1 using siRNA results in lower levels of BAG-1 expression as shown by western blotting (Figure 1b) and immunohistochemistry (Figure 1c) , rather than complete elimination of BAG-1 protein expression.
Each tissue sample was assessed for total expression of BAG-1 using a scoring system outlined in the Materials and Methods. Results are summarized in Figure 1e and f. Interestingly, in normal human colonic tissue, BAG-1 staining changes along the colonic crypt axis ( Figure 1a) ; there is more BAG-1 staining in the cytoplasm from the middle to the top of the crypt, similar to that reported in mouse colon tissue (3) . It was also noted that there was a striking increase in BAG-1 expression in the colorectal carcinoma tissue when compared with the normal colonic epithelium (Figure 1a and e) . This observation has not previously been reported and is significant as it suggests that increased BAG-1 expression may be important in colorectal carcinogenesis. To determine whether BAG-1 is implicated in the development of the tumour (in the progression from adenoma to carcinoma), we investigated BAG-1 expression in adenomas of increasing size (Figure 1a , e and f). Of note, previously such an approach has been used to implicate RAS mutations and cyclooxygenase 2 expression in the development of colorectal tumours (35, 36) . In the normal colon and the BAG-1 regulates NF-jB activity small adenoma, the intensity of BAG-1 staining was low with $80% of samples having either background (À/þ) or weakly positive (þ) staining (Figure 1a and e) . In contrast, the staining intensity was much higher in the medium adenoma; 55% of samples being positive (þþ) and 32% of samples being strongly positive (þþþ) (Figure 1a and e) . The high level of BAG-1 expression is maintained in the large adenomas, with 70% of samples staining either positive (þþ) or strongly positive (þþþ) (Figure 1a and e) , and is similar to that in the carcinomas where 94% of samples stain either positive (þþ) or strongly positive (þþþ) (Figure 1a and e) . These findings demonstrate for the first time that there is a dramatic increase of BAG-1 expression in colorectal carcinomas when compared with the normal colonic epithelium and that this increase in expression occurs in the medium and large-sized adenomas as well as in carcinomas. As increased expression is detected in the adenoma to carcinoma sequence, our findings suggest a role for BAG-1 in the development of colorectal cancer.
Differential gene expression in HCT116 colorectal carcinoma cells transfected with BAG-1 siRNA As BAG-1 has been implicated to have a role in colorectal tumour progression, the function of BAG-1 in colorectal carcinogenesis was investigated. BAG-1 expression was suppressed in colorectal carcinoma cells using BAG-1 siRNA sequence #2 (Figure 2a and b; siRNA controls described in Materials and Methods) and differential gene expression assessed using Amersham CodeLink BioArrays, which contained probes for $20 000 well-characterized human genes. Data generated from the microarray was analysed using GeneSpring version 7.2 (Agilent; refer to Materials and Methods). Gene expression analysis revealed that 750 genes were differentially regulated at least 1.5-fold by BAG-1 knockdown (data not shown).
Although potentially regulated by many different transcription factors, it was noted that a number of genes identified as suppressed by BAG-1 siRNA contain a putative NF-jB consensus binding sequence (Table I) . Q-PCR was used to validate the microarray data for two of these genes that have previously been reported to be regulated by NF-jB; GADD45b, which is induced in response to cell stress (37) , and C-FLIP, an inhibitor of caspase-8 (reviewed in ref. 38 ). Q-PCR confirmed that GADD45b and C-FLIP expressions were downregulated in cells transfected with the BAG-1 siRNA (Figure 3a and  b) . RIN1, which encodes a Ras effector (39) , was included as a control for the Q-PCR since it is representative of genes identified as up-regulated on the microarray following transfection with BAG-1 siRNA (Figure 3) . 
BAG-1 regulates NF-jB activity in colorectal carcinoma cells
Since knock down of BAG-1 in colorectal cancer cells suppressed expression of two pro-survival genes regulated by NF-jB, and colorectal tumour progression is associated both with increased BAG-1 (shown in this study) and NF-jB expression in vivo (13-15), it was hypothesized that BAG-1 may promote tumour cell survival through regulation of the NF-jB pathway. Therefore, the effect of BAG-1 expression on NF-jB transcriptional activity was investigated using an NF-jB luciferase reporter assay. HCT116 cells were transfected with BAG-1 siR-NA ( Figure 4a ) and basal NF-jB activity compared with that in the NEG siRNA control cells (Figure 4b) . Although the basal level of NFjB activity in HCT116 cells is low, NF-jB activity was found to be significantly suppressed in the BAG-1 siRNA-transfected cells.
Knock down of BAG-1 using siRNA decreases cell yield and increases apoptosis in colorectal carcinoma cells The finding that decreased BAG-1 expression inhibited NF-jB transcriptional activity, and the fact that NF-jB has previously been reported to promote colorectal tumour cell survival (reviewed in ref. 40) , led us to investigate whether knock down of BAG-1 expression inhibited colorectal tumour cell survival and if this was mediated through NF-jB. HCT116 cells were transfected with either NEG or BAG-1 siRNA alone or additionally treated with the synthetic NF-jB inhibitor BAY-117082 (32) (2 lM BAY-117082 was confirmed to inhibit NF-jB in these cells to a similar basal level as the BAG-1 siRNA; Figure 4c ) and the attached cell yield measured .96 h. Western blotting confirmed that BAG-1 was successfully knocked down using siRNA for up to 96 h (Figure 4d ). Results show that knock down of BAG-1 using siRNA significantly reduced the attached cell yield after 48, 72 and 96 h of treatment when compared with cells transfected with NEG siRNA alone (Figure 4e ). Of note, a similar effect on the yield of HCT116 cells was obtained using BAG-1 siRNA sequence #1, and the reduction in attached cell yield was also observed using either siRNA sequence in the SW480 colorectal carcinoma cell line (data not shown). Interestingly, treatment of NEG siRNAtransfected cells with BAY-117082 resulted in a significant decrease of cell yield, which was strikingly similar to the effect of the BAG-1 siRNA (Figure 4e ). In addition, when the BAG-1 siRNA-transfected cells were treated with the BAY-117082 inhibitor, there was no additive effect on cell survival; the combined treatment caused a similar decrease in cell yield (Figure 4e ). Both treatment with BAG-1 siRNA or NF-jB inhibitor also resulted in the induction of apoptosis, as confirmed by the presence of cleaved PARP (Figure 4f and g ). Importantly, the induction of apoptosis was not further increased by treatment of the BAG-1 siRNA-transfected cells with the NF-jB inhibitor BAY-117082 (Figure 4g ). This finding is consistent with the hypothesis that the decrease in survival observed in cells transfected with BAG-1 siRNA is due to inhibition of NF-jB. In conclusion, these data raise the possibility that knock down of BAG-1 expression inhibits the survival of colorectal carcinoma cells via inhibition of NF-jB survival pathway.
BAG-1 siRNA increases the sensitivity of HCT116 cells to TNF-a-and TRAIL-induced apoptosis As activation of NF-jB is associated with resistance to apoptosis (reviewed in ref. 11), we investigated whether suppression of BAG-1 sensitized colorectal tumour cells to death-inducing agents whose efficacy is attenuated by NF-jB activation. Initially, cells were treated with TNF-a [a known NF-jB activator (41)] to enable the effect of reduced BAG-1 expression on activated NF-jB function to be investigated. Interestingly, reduced BAG-1 expression halved TNFa-induced activity of NF-jB when compared with the NEG siRNA control (Figure 5a and c) . This effect was also demonstrated in another colorectal carcinoma cell line (SW480, data not shown). To confirm that reduced expression of BAG-1 inhibited transcriptional activity of NF-jB, Q-PCR was used to assess the expression of NF-jB targets, GADD45b and C-FLIP following TNF-a treatment (Figure 5b ). The expression of both GADD45b and C-FLIP was significantly decreased in response to TNF-a treatment in the BAG-1 siRNAtransfected cells compared with the NEG siRNA cells (Figure 5b ). Of note, although BAG-1 siRNA suppressed TNF-a-induced NF-jB activity in HCT116 cells by 50%, the messenger RNA level of NF-jB target genes C-FLIP and GADD45b was only inhibited by 20 and 35%, respectively; consistent with previous reports that the relationship between the activity of a transcription factor and its target genes is not linear (reviewed in ref. 42 ). In addition, although the colorectal tumour cells already express endogenous BAG-1, we were able to demonstrate that further over-expression of the BAG-1S or BAG-1L isoforms promoted TNFa-induced NF-jB activity (Figure 5c ). To determine whether the inhibition of NF-jB activity in cells with reduced BAG-1 expression increased the sensitivity of the cells to the induction of apoptosis, the effect of BAG-1 knockdown on death receptor-mediated apoptosis was investigated. As stated previously, NF-jB activation has been reported to attenuate both TNF-a-and TRAIL-induced apoptosis (43, 44) . Since BAG-1 knockdown inhibited NF-jB activity, it was hypothesized that BAG-1 siRNA would sensitize cells to TNF-a-and TRAIL-induced apoptosis. As predicted, knock down of BAG-1 significantly sensitized HCT116 cells to both TNF-a-and TRAIL-induced apoptosis similar to that resulting from treatment with the NF-jB inhibitor BAY-117082 (2 lM) (Figure 5d and e). These data are consistent with a previous report showing that over-expression of BAG-1 attenuates TNF-a-induced apoptosis in endothelial cells (45) . The expression of BAG-1 did not alter following treatment with either TNF-a or TRAIL (Figure 5f and g ). As activation of NF-jB is associated with resistance to therapy, these data suggest that inhibition of BAG-1 expression in both medium/largesized adenomas and carcinomas would suppress NF-jB activity and hence increase the sensitivity of tumour cells to therapeutic agents.
Discussion
Despite having been reported as associated with a poor prognosis and distant metastasis in colorectal cancer, surprisingly little is known 
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about the role of BAG-1 in colorectal tumorigenesis. In this report, we have shown that there is significantly higher expression of BAG-1 in colorectal carcinoma tissue than in the normal colonic epithelium, demonstrating that BAG-1 expression is deregulated in colorectal carcinogenesis. Although BAG-1 has previously been reported to be over-expressed in colon cancer cell lines (3), the current study is the first to show that the expression of BAG-1 is up-regulated in colorectal carcinoma tissue in vivo compared with the normal colonic epithelium. Furthermore, we have established that increased expression occurs before acquisition of the invasive phenotype; BAG-1 is highly expressed in medium/large-sized adenoma tissue and retained in the carcinoma. This suggests that, although not required for the formation of the adenoma, increased BAG-1 expression is important for further growth and progression of the tumour. In addition, as increased BAG-1 expression is retained in the carcinoma, continued expression may be necessary for survival of the cancer cells. Indeed, previous reports have shown that over-expression of BAG-1 in different tumour cell types confers growth and/or survival in in vitro tumour cell lines and in vivo tumour xenograft models (reviewed in ref. 1, 9, 10) . Consistent with such data, in this report we have shown that knock down of BAG-1 expression suppressed the attached cell yield and increased apoptosis in colorectal carcinoma-derived cells, establishing a pro-survival function for BAG-1 in colorectal cancer cells. Interestingly, as BAG-1 is over-expressed in medium-and large-sized . All values were normalized to the housekeeping gene GAPDH. All data points show the mean result of three separate experiments (±SD). Statistical analysis was carried out using a Student's t-test ( Ã P, 0.05; ÃÃ P , 0.01). (c) BAG-1 siRNA inhibits NF-jB activity induced by TNF-a whereas over-expression of BAG-1 increases TNF-a-induced NF-jB activity. Inhibition of TNF-a-induced NF-jB activity in HCT116 cells transfected with 50 nM BAG-1 siRNA sequence #2 is represented as a fold change of TNFa-treated cells transfected with 50 nM NEG siRNA (NEG). Also shown is TNF-a-induced NF-jB activity in HCT116 cells over-expressing BAG-1S and BAG-1L. Results are represented as fold change of the treated vector control cell line (vector). All cells were transfected with an NF-jB reporter plasmid and treated with 0.10 lg/ml TNF-a for 16 h. HCT116 cells transfected with 50 nM of either NEG or BAG-1 siRNA sequence #2 for 48 h or pre-treated with solvent control [dimethyl sulfoxide (DMSO)] or 2 lM BAY-117082 for 24 h were then further treated with either (d) 0.10 lg/ml TNF-a or (e) 0.10 lg/ml TRAIL for 16 h and apoptosis (%) assessed. All data points show the mean result of three separate experiments (±SD). Data were analysed using Student's t-test ( Ã P , 0.05; ÃÃ P , 0.01). Protein was extracted from cells treated with either (f) 0.10 lg/ml TNF-a or (g) 0.10 lg/ml TRAIL and analysed for BAG-1 protein levels using western blotting.
BAG-1 regulates NF-jB activity adenomas, it raises the possibility that expression of BAG-1 could be important for cell survival during tumour progression and that BAG-1 may therefore be a novel target for chemoprevention as well as cancer therapy.
Data presented here shows that expression of BAG-1 regulates the activity of the pro-survival transcription factor NF-jB in colorectal epithelial cells. NF-jB is present throughout the colonic crypt and, importantly, has been shown to be constitutively active/overexpressed in colorectal cancer (13) (14) (15) . Furthermore, persistent activation of NF-jB has been reported in macrophages and epithelial cells from colonic mucosal inflammatory tissue (colitis) (16, 17) , a condition associated with a 10-fold greater risk of colorectal cancer than in the general Western population (reviewed in ref. 46) . Recently, experimental data has begun to support such correlative evidence for the association between NF-jB signalling, inflammation and tumorigenesis. For example, it was shown in the mouse model of colitisassociated cancer that selective inhibition of IKKb within colonic enterocytes resulted in a significant decrease in the number of tumours (47) . Therefore, given the evidence that both NF-jB and BAG-1 are over-expressed in colorectal tumorigenesis, the finding that BAG-1 regulates the activity of NF-jB suggests a novel mechanism of tumour promotion whereby high levels of BAG-1 expression in colorectal tumours in vivo promote the activity of NF-jB and hence increase colorectal tumour cell survival.
The mechanism by which BAG-1 regulates NF-jB remains to be elucidated. As described previously, the activity of NF-jB can be regulated by the IjB inhibitor proteins. Additionally, post-translational modifications such as acetylation and phosphorylation have been shown to enhance the transcriptional response of NF-jB in the nucleus (reviewed in ref. 48 ). In the current study, we have found that expression not only of BAG-1S but also the nuclear BAG-1L isoform increases NF-jB activity, suggesting that BAG-1 may modulate NF-jB transcriptional activity in the nucleus. Interestingly, during the preparation of this manuscript, it has been reported that another member of the BAG family, BAG-3, can regulate NF-jB activity; BAG-3 was shown to suppress the interaction of the p65 subunit of NF-jB with the jB DNA motif of the HIV-1 long terminal repeat in microglial cells (49) . Although BAG-3 has an opposing activity to that identified for BAG-1 in colorectal tumour cells, this report does support a role for the BAG proteins in the regulation of NF-jB signalling. We suggest that through acting as a scaffolding molecule (whether directly or mediated through a biding protein such as Hsp70), BAG-1 may represent a tissue-specific mechanism for directing NF-jB transcriptional activity, promoting expression of target genes important for colorectal tumour cell survival.
In this report inhibition of NF-jB using the chemical compound BAY-117082 resulted in reduced cell yield and induction of apoptosis consistent with a role for NF-jB in colorectal tumour cell survival. Interestingly, despite other potential off-target effects of the BAY-117082 inhibitor, knock down of BAG-1 using siRNA caused a similar reduction in cell yield and induction of apoptosis. Combined treatment with the BAY-117082 inhibitor and BAG-1 siRNA did not further suppress colorectal carcinoma cell survival suggesting that BAG-1 may regulate the survival of colorectal carcinoma cells via regulation of NF-jB transcriptional activity. This has clinical implications as inhibition of BAG-1 suppresses NF-jB activity and may therefore sensitize cells to therapeutic strategies. Indeed, strategies to inhibit NF-jB are currently of significant clinical interest since constitutive activity of NF-jB has been reported in a number of different tumour types (12) and NF-jB has been shown to be activated following radiotherapy and chemotherapy, reducing tumour sensitivity to treatment (50, 51) . However, the use of broad-spectrum NF-jB inhibitors in the treatment of cancer has been limited by their effects on a wide range of pathways, including the immune system (reviewed in ref. 52) . Targeting BAG-1 may therefore be an attractive strategy to inhibit NF-jB in those cells with high activity, leading to decreased colorectal tumour cell survival and increasing the sensitivity of colorectal tumours to cancer therapy. Additionally, TRAIL has the potential to be exploited as a cancer therapeutic agent (reviewed in ref. 53 ). The data presented in this study shows that, through inhibition of NF-jB, suppression of BAG-1 increases the sensitivity of colorectal carcinoma cells to both TNF-a-and TRAIL-induced apoptosis. This suggests that, in combination, inhibition of BAG-1 may increase the therapeutic potential of TRAIL.
In summary, we report that BAG-1 is over-expressed in colorectal carcinomas as well as medium/large-sized adenomas when compared with the normal colonic epithelium, implicating a role for BAG-1 in colorectal tumorigenesis. We have established that knock down of BAG-1 leads to inhibition of NF-jB, identifying BAG-1 as a novel regulator of NF-jB. Data presented suggest that, through inhibition of NF-jB, suppression of BAG-1 represents a potential novel strategy to impede colorectal cancer cell survival and as an adjuvant may increase sensitivity to current therapeutic regimes.
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